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Growth protocol:  
Growth of surfaced doped core-shell ZnO nanorods arrays (NRAs) involves two-step. 
Firstly, undoped ZnO nanorods are synthesized epitaxially on p-GaN substrate via 
hydrothermal method. The precursors, namely Zn(CH3COO)2 and Hexamethylenetetramine 
(HMT), are dissolved in deionized water to form solution with various concentration, namely 
25mM, 35mM and 50mM, facilitating nanorods with different aspect ratio. The solution is 
heated at 95 ºC for 150 minutes. Secondly, doped shell is coated onto the NRAs templates 
gained in first step. Target we utilized here is sintered ceramic composed of 95% of ZnO (5N) 
and 5 % of Ga2O3. The sample is annealed in 3.5 Pa, 50 SCCM (standard cubic centimeter per 
minute at STM) O2 flow for 40mins to improve the crystal quality and activate surface for 
epitaxial growth. Successively, a thin film of Ga doped ZnO is deposited onto the NRs 
template at 800 ºC via pulsed laser ablation (248nm KrF laser, 300mJ, 25ns) in the same 
oxygen atmosphere as in annealing process. The sample is then firstly cooled down to 500 
degree with 10 degree /min descending rate, followed by natural cooling to room temperature.  
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Figure S1. Average diameter of the undoped ZnO nanorods vs. the precursor concentration. 
The error bar denotes the standard deviation from the center value. Over 150 randomly picked 
nanorods are counted to generate each data point displayed in this figure to guarantee the 
measurement is statistically significant.  
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Figure S2. Lattice fringes at the surface of the core-shell nanorods sample. The shell 
thickness is pre-calibrated to be 20 nm (scale bar here is 5 nm). And clearly shown here, the 
shell is highly crystallized as amorphous. The inset is the fast-Fourier-transfer of the image 
and d-spacing is measured to 0.271 nm, corresponding to the (002) planes of ZnO. (The bar in 
the inset denotes 5 1/nm).  
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Figure S3. Varshini fitting of the dominant peak position from 10 to 140 K and the curve is 
extended to 300 K, which shows that the nature of dominating peak is the donor-bound 
exciton in the low temperature range. Considering the obvious thermal broadening effect, it is 
difficult to define the optical transition process from 200 K onwards. 
 
 
 
 
 
 
 
 
 
 
 
 
    Submitted to  
5 
 
 
 
 
Figure S4. O 1s XPS component comparison of a) the as-annealed and the core-shell samples 
with the shell thickness of b) 5 nm, c) 10 nm and d) 20 nm. 
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Figure S5, Normalized O 1s components plot of the lattice oxygen, defect oxygen and surface 
oxygen. With the increasing shell thickness, the surface adsorbed oxygen decreases by 50%. 
 
